T obacco use has been identified by the World Health Organization as the leading cause of death and disability in the world. 1 To date, more than 24 different smokingrelated diseases have been identified, including cardiovascular disease, respiratory disease, and 10 different forms of cancer. 2 The extent to which smokers understand the magnitude of these health risks has a strong influence on their smoking behaviour. [3] [4] [5] Smokers who perceive greater health risk from smoking are more likely to intend to quit and to quit smoking successfully. 6 7 The health risks of smoking are also the most common motivation to quit cited by current and former smokers, as well as the best predictor of long-term abstinence among reasons for quitting. [8] [9] [10] At present, most smokers concede that tobacco use is a health risk; however, important gaps remain in their understanding of these risks. [11] [12] [13] [14] Many smokers are unable to recall specific health effects and most tend to underestimate the scope of these effects. 11 15-19 Even in countries such as Canada, with among the most progressive tobacco control policies in the world, a significant proportion of smokers continue to underestimate the most serious risks of smoking, including heart disease, stroke, and respiratory disease, as well as the risks of environmental tobacco smoke. 11 20 In addition to the fact that smokers are not fully informed, there are biases in how smokers perceive these risks. In a review of the research literature, Weinstein 21 found that, although most smokers acknowledge the risk of smoking, they tend to ''minimize that risk and show a clear tendency to believe that the risk applies more to other smokers than to themselves'' (page 139). Considerably less is known about smokers' knowledge of the constituents of tobacco smoke, including well-known toxicants such as carbon monoxide and cyanide. What little evidence exists suggests a very low level of awareness, 22 23 although the impact of this knowledge remains largely unexplored.
Communicating the health effects of smoking remains a primary goal of tobacco control policy. 24 Indeed, the World Health Organization's Framework Convention on Tobacco Control (FCTC) states as its first guiding principle that: ''Every person should be informed of the health consequences, addictive nature and mortal threat posed by tobacco consumption and exposure to tobacco smoke'' (Article 4.1). Cigarette warning labels are among the most widespread policy initiatives implemented to educate smokers. Recent research indicates that graphic warning labels on cigarette packages can increase cessation behaviour among smokers [25] [26] [27] ; however, despite their prominence among tobacco control policies, only a handful of studies have evaluated the impact of different product warning policies on consumer knowledge about tobacco risks.
A study commissioned by Imperial Tobacco reported an increase in the proportion of smokers who agreed that smoking is dangerous following the introduction of Canada's first warning labels in 1972. 28 Cross-sectional surveys conducted in Canada during the 1990s found that the majority of smokers reported that package warning labels are an important source of health information and have increased their awareness of the risks of smoking. 11 29 In Australia, Borland 30 found that, relative to non-smokers, smokers demonstrated an increase in their knowledge of the main constituents of tobacco smoke and identified significantly more disease groups following the introduction of new Australian warning labels in 1995. However, considering the importance of health warnings among tobacco control policies, there is a need for additional research. In particular, there is a need for research that can help policymakers to choose the size and general strength of health warnings from within the general recommendations outlined in the FCTC.
At present, cigarette packages in virtually every country carry warning labels, 31 yet the size, number, and the way the health information is presented differs notably between countries. Labelling policies range from vague statements of risk (for example, ''Smoking can be harmful to your health''), to graphic pictorial depictions of disease. Because of the variation between countries in package warning labels, an opportunity now exists to explore the impact of different warning policies on consumer knowledge. The International Tobacco Control Four Country Survey (ITC-4) is a cohort survey of adult smokers conducted in four countries-the United States (USA), the United Kingdom (UK), Canada (CAN), and Australia (AUS)-that was designed to examine the impact of national-level tobacco control policies, including warning labels. The aim of the current study was to use nationally representative samples of adult smokers from the USA, UK, CAN, and AUS to: (1) examine smokers' knowledge that smoking causes heart disease, stroke, impotence, and lung cancer; (2) to assess smokers' knowledge of the constituents of tobacco smoke, including carbon monoxide, cyanide, and arsenic; and (3) to examine the relationship between health knowledge in each country and that country's tobacco labelling policy.
METHODS

Sample
Participants in the ITC-4 Survey were 9058 adult smokers (18 years or older, smoked more than 100 cigarettes in their life, and smoked at least once in the past 30 days) in four countries: CAN (n = 2114), USA (n = 2138), UK (n = 2401), and AUS (n = 2305). Table 1 provides the sample characteristics for each country.
Procedure
The ITC-4 cohort was constructed from probability sampling methods with telephone numbers selected at random from the population of each country, within strata defined by geographic region and community size. Eligible households were identified by asking a household informant the number of adult smokers. The Next Birthday Method 32 was used to select the respondent in households with more than one eligible adult smoker.
The survey was conducted using computer assisted telephone interviewing (CATI) software and was completed in two calls: a 10-minute recruitment call was followed one week later by a 40-minute main survey. In order to increase recruitment rates, 33 participants were mailed compensation equivalent to US$10 before completing the main survey. Interviews were conducted by two survey firms: Roy Morgan Research (Melbourne, Australia) surveyed Australian and UK respondents, and Environics Research Group (Toronto, Canada) surveyed Canadian and US respondents. All aspects of the interviewer training and calling protocol were standardised across the two survey firms and closely supervised by the ITC-4 team. The present analysis is limited to respondents from Wave 1, conducted between October and December 2002. A full description of the ITC-4 methodology, sample profile, and survey rates, including comparisons with national benchmarks, is available at http://www.itcproject. org.
Measures
The ITC-4 Survey was standardised across the four countries: respondents in each country were asked the same questions, with only minor variations for colloquial speech.
Demographics and smoking behaviour
The survey included validated measures of smoking behaviour and quit history. Intention to quit was assessed by asking: ''Are you planning to quit in the next month, 6 months, beyond 6 months, or not at all?'' Level of education consisted of three categories: high school diploma or lower; technical, trade school, community college, or some university; and university degree. Annual income was categorised into ''under $30 000'', ''$30 000-$59 999'', and ''$60 000 and over'' for the US, Canadian, and Australian samples. For the UK sample, we used the following categories: ''£15 000 or under'', ''£15 001-£30 000,'' and ''£30 001 and over''. Ethnicity was measured using the relevant census question for each country and then analysed as a dichotomous variable to allow for comparisons across countries (''white'' v ''non-white and mixed race''), except Australia. Language was used as a proxy for Australian ethnicity (''English-speaking'' = white, ''non-English speaking'' = non-white), as is consistent with the Australian census.
Knowledge of health effects
Respondents were asked to state whether they believed smoking causes heart disease, stroke, impotence, lung cancer in smokers, and lung cancer in non-smokers. Respondents were also asked to state whether they believed any of the following chemicals were included in cigarette smoke: cyanide, arsenic, and carbon monoxide. Response categories were ''Yes'', ''No,'' or ''Don't know.'' Exposure to anti-smoking media and warning labels Exposure to anti-smoking media was measured by asking: ''In the past 6 months, how often, if at all, have you noticed advertising or information that talks about the dangers of smoking, or encourages quitting?'' Responses were given on a five-point Likert scale where 1 = ''Never'' and 5 = ''Very often''. Respondents were then asked whether they had noticed such information in each of nine specific locations (''Yes'' or ''No''). Exposure to warning labels was measured by asking: ''In the last month, how often, if at all, have you noticed the warning labels on cigarette packages?'' using the same five-point scale as for anti-smoking media.
Analysis SPSS (version 12.0) was used for all statistical analyses. Logistic regression analyses were conducted to predict knowledge of health effects and intentions to quit. Knowledge of health effects were coded as 0 (''Not caused by smoking''/''Don't know'') and 1 (''Caused by smoking''); intentions to quit were coded as 0 (''No plan to quit'') and 1 (''Plans to quit sometime in the future''). Analyses were conducted on both weighted and unweighted data. There were no significant differences between analyses of weighted and unweighted data; unless otherwise noted, weighted results are presented below. Table 1 presents the weighted and unweighted sample characteristics for each country.
RESULTS
Sample characteristics
Knowledge of health effects and smoke constituents Table 2 presents smokers' knowledge of health effects by country. Most smokers reported that smoking causes lung cancer and heart disease, fewer believed that smoking causes stroke and lung cancer among non-smokers, whereas less than half agreed that smoking causes impotence. There was a significant difference between countries in the total number of diseases endorsed by respondents (F [3, 9024] = 75.5, p , 0.001). Canadian smokers endorsed a greater number of diseases than smokers from the other three countries (p , 0.001), while Australian respondents were more likely to endorse diseases than US respondents (p = 0.005).
Between-country differences were also observed for all individual diseases, with the exception of lung cancer among smokers. Most notably, almost twice as many Canadian respondents reported that smoking causes impotence relative to respondents from the USA, UK, and Australia. Table 2 also indicates the diseases that are included on health warnings within each country (see bolded values). Table 2 also indicates that planning to quit smoking was positively associated with health knowledge. The odds of planning to quit were greater among smokers who endorsed each of the five diseases, and increased in a linear fashion with the total number of health effects reported. This pattern was observed within respondents of each country, as well as across countries, with no significant health effect by country interactions. Table 3 provides smokers' knowledge of tobacco smoke constituents. Smokers were most likely to agree that tobacco smoke contains carbon monoxide and least likely to agree that arsenic is contained in tobacco smoke. Similar to the results for health knowledge, Canadian smokers were more likely to agree that tobacco smoke contains each of the three smoke constituents relative to US, UK, and Australian smokers. Note that the proportions in table 3 are in bold for countries in which the constituents were printed on cigarette packages at the time of the survey.
Health knowledge and labelling policy
A majority of respondents reported noticing information about the dangers of smoking ''often''' or ''very often'' in the last six months: CAN 59.4%, USA 60.4%, UK 55.6%, AUS 61.0%. Table 4 indicates the sources of anti-smoking information for each country. ''Cigarette packages'' were a prominent source of health information in all four countries, particularly within Canada.
Smokers were also asked how often, if at all, they noticed cigarette warning labels in the last month. A logistic regression was conducted to examine the extent to which noticing cigarette warning labels was associated with health knowledge (table 5) . The results indicate between-country differences in health knowledge: as with the bivariate analyses reported in table 2, Canadian respondents demonstrated an overall greater knowledge of the health effects of smoking. The findings also indicate that noticing the health warnings on cigarette packages was positively associated with health knowledge, after adjusting for noticing antismoking media in general. In other words, smokers who noticed the health warnings were more likely to agree that smoking causes each of the five diseases listed in table 5, adjusting for demographic variables and smoking behaviour.
Finally, analyses were conducted to compare health knowledge between smokers with and without health warnings on their cigarette packages. Countries were coded either as ''0'' (No health warning) or ''1'' (Health warning) for each disease and constituent listed in tables 2 and 3. Levels of health knowledge were then compared between respondents in countries with and without health warnings using logistic regression analysis. (Note that analyses were only run for diseases and constituents for which there were differences in labelling between the four countries). As fig 2 indicates, health knowledge was significantly greater among respondents in countries with health warnings, even after controlling for the number of other information sources cited by respondents. For example, smokers were 3.13 times more likely to say that tobacco smoke contains carbon monoxide when this information was printed on cigarette packages.*
DISCUSSION
It is commonly assumed and often argued by the tobacco industry that smokers are adequately informed about the health risks of smoking. 18 34 35 This study clearly demonstrates that this assumption is false. The findings indicate significant gaps in smokers' understanding of the risks of smoking: most, but not all, smokers reported that smoking causes heart disease and lung cancer in smokers-health consequences that have been established for over 25 years; more than a quarter of smokers did not believe that smoking caused stroke; and fewer than half of smokers believed that smoking causes impotence. Smokers' knowledge of toxic constituents in tobacco smoke was also unacceptably low. It is important to note that these results derive from smokers in among the most affluent, most highly educated countries in the world and in countries with among the most comprehensive tobacco control policies. We would expect health knowledge to be substantially lower among the majority of the world's smokers, particularly those living in lower and middle income countries where resources for tobacco control are non-existent or lower by orders of magnitude.
The findings also indicate that health warnings on cigarette packages are a prominent source of health information. Approximately two-thirds of smokers cited cigarette packages as a source of health information, with a significant association between the strength of package health warnings (as depicted in fig 1) and the likelihood of citing packages as a source of health information. In short, larger, more comprehensive warnings were more likely to be cited as a source of health information. For example, over 84% of smokers living in Canada-the country with the strongest health warnings-cited packages as a source of health information, compared with only 47% of those in the USA, the country with the weakest health warnings. Not only were health warnings self-identified as an important source of health information about smoking, but also an effective means of communicating health information. The results provide evidence at both the individual and country-level that health warnings on cigarette packages are strongly associated with health knowledge. First, noticing labels was strongly associated with endorsing each of the five health effects, after controlling for smoking behaviour, demographic variables, and the frequency of noticing antimedia in general. Smokers who reported noticing warnings were between 1.5-3.0 times more likely to believe in each health effect. Second, in all five cases where labelling policies differed between countries, smokers living in countries with government mandated warnings reported greater health knowledge. This pattern is best illustrated in the case of smokers' knowledge of impotence. Canada was the only country where packages carry warnings about impotence, and accordingly, Canadian smokers were almost three times more likely than smokers from the other three countries to believe that smoking causes impotence. This finding provides a measure of specificity for the effect of warning labels; we are unaware of any media source or educational initiative in Canada, other than the package warnings, to have highlighted the risks of impotence. Clearly, smokers in the other four countries may have been exposed to information on impotence and other health risks not listed on the pack; however, this only strengthens the findings on the effectiveness of the warnings. For example, in 1998 and 1999, the state of California conducted a $22 million mass media campaign that included messages linking smoking and impotence. 36 As might be expected, California smokers in the current study were more likely to endorse impotence as a cause of smoking than other US respondents, yet they were no more likely to endorse impotence than Canadian respondents. This example underscores the cost-effectiveness of package warnings: California spent several millions of dollars to attain levels of awareness that were achieved in Canada via warning labels that were introduced at little or no cost to the government.
Finally, health knowledge was strongly associated with intentions to quit among smokers in all four countries. This finding supports previous evidence that, although awareness and acceptance of the health risks of smoking may not be a sufficient condition for quitting, it is likely a necessary one for most smokers and serves an important source of motivation.
Limitations
Health knowledge can be assessed several ways. The measures used in the current study constitute a relatively low threshold for knowledge or risk perception. Indeed, respondents were not asked to recall smoking-related diseases unprompted, nor were they asked to estimate the likelihood or severity of smoking-related disease. Had these measures been used, the findings would inevitably have yielded relatively lower levels of ''health knowledge'' than those reported here. In addition, the cross-sectional nature of these data cannot address the directionality of the associations between health knowledge, warnings, and other variables. For example, it may be that smokers with greater health knowledge were more likely to attend to health warnings. Finally, the between-country differences in health knowledge may partly reflect concomitant efforts to inform the public of the health risks of smoking through other channels, such as mass media campaigns. However, this limitation is tempered by the fact that noticing the labels predicted health knowledge even after controlling for other sources of information, as well as by the specificity provided by the Canadian warnings in the case of impotence. Nonetheless, longitudinal data would help to clarify the causal nature of these associations.
Implications
Tobacco products remain the most lethal consumer product in every country in which they are sold. The US Surgeon General recently reported a causal link between smoking and 28 individual diseases, including the leading causes of death in the western world. 2 Remarkably, the list of known health risks continues to grow, with cancers of the stomach and acute myeloid leukemia among those most recently identified. Given this list, it would be folly to assume that smokers are currently, or likely ever will be, fully informed of the risks of smoking. Nevertheless, tobacco companies and governments are responsible for making every effort to ensure the highest levels of health knowledge possible. At present, however, tobacco consumers receive little information regarding the ingredients, additives, and chemical composition of their products. In countries such as the USA, chocolate bars carry more information about ingredients than cigarette packages.
The current findings indicate that large, graphic warnings on cigarette packages are an effective means of increasing health knowledge among smokers. Previous research also suggests that Canadian-style warnings provide substantial cessation benefits and enjoy widespread support among smokers. 9 25 26 The effectiveness of warning labels in communicating health effects suggests that warnings could also be used to address knowledge deficits in other areas, such as filter ventilation, the risks of ''light'' or ''low-tar'' cigarettes, and the effects of behavioural compensation. [37] [38] [39] [40] Given their universal reach, health warnings may also help to reduce the disparities in health knowledge by providing low-income smokers with regular access to health information. 41 42 Yet, despite growing evidence of their effectiveness, most governments remain reluctant to mandate comprehensive health warnings, while the tobacco industry continues to fight their introduction. 43 The industry's opposition is understandable: they fear that strong warning labels will shrink their market and erode profits; the reluctance among governments and regulators is more puzzling.
